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Condensed Tannins: Synthesis of the First 'Branched' Procyanidin Trim:r u..t %)

L. Ye.,p Foo. end Richard W. Hemingwayb
t Chemistry Division. Department of Scientific ~nd rndustri~1 Rese~rch. Petone. Nt' Ze~/8nd
b Southern. Forest Experiment Station. USDA.Forest Service. 2.500 Shreveport Pint-viI/e. Louisi~na 71360. U.S.A

Synthesis of the branched procyanidin trimer. epicatechin.14~81-cltechin.(6-4t;l-epic8techin hIs been
accomplished and in higher yield than the lir.ear analogues. sL.~gesting that proc...anid.n polymers fT'2y be highly
branched.
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c(\ndili()n~ rtsulltd in 6t .t-rOlnch~d' Clr :ln~ul:lr (il~~linil1inl:-
cist~chin trimer ,,'h~rt roth fi~ttinidin unit,. \\~r~ )ut-.o;tituted
on the catt(hin mCliety.I.: The corr~~j'C\ndin~ hriln...hcd
procyanidin trim~r~ h3\'t hith~no n(\t ~~n !'~ nth~-,iz~d ..nd
ilna!o£"u~ acid.cataly~d condtns3tiCln l"f l~uc~~'OInidin~ \ (\r

proc~'anidin~.& \\'ith cllt~chin ha\'t gi\~n (\nl~ 'lin~;JI. proX'~ ani.
din oli~(\mtr~. Thi~ difftr~n« in inl~rf1;J\3n(\id rondin,
het\\t~n tht profi~etinidins and rroc~anidin~ i~ a:trihuttd Il'
tht hi~her rtOlcti\it~. of th~ phloro~lu.inf'l .~ rin~ O\tr :I
rt~nrcin(\1 s\'~ttm "hich. in tht Cil~ of fi"~linidin-.,.':1I~chin
rtaction,.. f';\'our~ condtn~atil~n at tht cO!t~...hin A rin~ n\'cr tht
res(\rcin(\1 rin~ ofth~ fi~tinidin unit. ~~ (I~T\:lt'ions ha\.c
rr(l\.idtd ~uprort for th~ vit\\ that tht c(\ndtn!-l.'d t;tnnin, (\f
N3ck "a"l~ IAcllc;II 11Ic'&.""/5;;) ar~ an~u:~r in !'h.lpe:'~ "hil~
thc mor~ C(\n1n10n c(\ndtn~d tannin~ ('If Iht rrl",,~ 3~jJin cl:l~s
art" Ijn~a,.. and linked ~~. eith~r C(~I-CI~I (lr CIJ)-Clh)
inttrflavanoid bond~."' .,

Proc~'anidin ~~'nth~sis 1';0 tht quin(\nt-mcthidc rout~ has
\l...:~d dim~rs and rtlattd derivali\r5 n:ort cltanl\ and
ef1ici~ntlv th..n tht acid'catlil\~d condtn~3tion r~3ciion),"
Ext~n~ion of this synthe!-is by-tr~ating tht qu1n('lnt-m~thid~
,tnerated frl'm (~f,I-tpicat~chin p~n~'1 ,.ulphid~ "ith
tric:ltechin'(~I'-")-caltchin (11 r~sult~d in 't~rtl"~pt.:ific OInd
r~ci~kctive conden"iltI(\n to vi~ld th~ flr~t ~r;tn..'hed
pr"u~'anidin trim~r. rpicattchjn:t-4;)--~I'ciit~('hin.(t-~f\l'
tpicatechin (2).(01 "'i~:- and Iht linc;Jr trim~r ericattchin-
1~~~).tri('atechin-(~~6)-cat hin in a rati(\ l'f ..;:).
re~~ctivtJ~. tSch~m~ J I. Tht c(ln.'titu,l(\n (If the ~r,!nC'h~d
trim~r ''as r~..dil~. ~vi~nl fr(lm the rr".j..,.,!, (\f p;lnial
d...gradation with phen~'lm~th3n~thioJ, In c(\ntr;J!ot 10 Ih~
lin...ar prO('~anidins ".hich rapidl~ ~ i~ld tht tcrmi11al C21~chin
unit.¥ th~ rrllduct (21 ~...nerat~d cal~chin much ml'rt ~I,"~I~.
~uprortin~ the tht~i~ th:ll the cat~ct-in \"a~ d,"utll~. ~ub~litul...d
"lth t~.o ~picatrchin units. Addition;!II~'. no pro..::tnidin
dimer thioethers werr drttcttd durir:~ thl.' ('(lur~e of th~
r~3('tion. Pr(\duction of the t"'(1 dimt~ tricC!ttchin'(~I'-~t.
cattchin ()) ;Jnd ~ricat...chin'("r>-~).('attchin (-', un;Jmtli~u.
ou~ly v~rified the branchtd ~tru('tur~ of 111.

The stru('tur~ of (2) is also supron~d tI~. t~ I'C n.m.r.
s~clraJ diila. Tht r3:io~ of tht arc:l~ (If t~ < I~t .Ind «(.\)
r~,'n~nc~s (\f c:Jtechin !l" eric2tr:('hin units ar~ I to : In ""'Ih
insl:lnces- th...rc~~' cl'nllrminf ,h.: (...picJtc,hil1l:-<,tt...,hin
trimcric con,:itution.!" ':.Tht ch...~.ic;jl ~hiit!- of. t-.'th ('I,~I
C;Jlttl"n at",m.. f)f th~ t\\ n eri(';!t...('hin unit,. OIrl' ..-"In,'Il'...nt
o('currinp it: l\ 7~..< r r.m.. ('('In!-l~tl.'n: \llth thl.' (, ~\ ch..'ml...,IJ
shifl~ ~t th.. tl'r tril."ilt...l'hin unit) in :ml.'Jr Irlnll':' ;. :: "i'hl.'
cl'incid~nt re~()n..n('t '1i ~th ~ri(';stl.'--hjr: unit~ I~ In c,lntr",.1 II'
the situati(\n encf)unt~rtd in lintllr trimer1o \\h~r.: Ih~ CI.'t1
ch...mi('al shift for the mlddlt er:cate...hi:1 ml"ittll:~ .lr..' f,\und
II..' to ) -::. p. r. m, upfi~:d l.1f th(l~( for th~ ('.,rrt~r.mdin!o' ..'~r!"\l\n
atom of th~ tl.'P ~rjcit~cchin unit.'::' The n1,"'1 ~I;st'n'\!-ti.:
f~3turt (If Ihr I::C n.m.r. !opl."ctrum l"f (11 i~ th... un)\J(\~titull:J ~
rin~ caroon ~hifts. T" ,"I ~/pn31~. of ,ompilr3t11... inl~n~jl~. ar~
o""~,,'~d at II %.fI and ~,1 r.r.m. \\hi,h ar~ dttrlt-utatll... If)
Iht Cf(l) ~nd C(I\I C:lfN1n5 alom~. fC~[!('Cli\(I~." II li"lh of

!J.,,~ '~~~'\n..n,'~~ \li'l ;I~ ":,':./-"'..'" ",.,~~:,~ in I!.~ !o',,!~'d
0., ('uplin~ t\r~',in-.(: t. t'~,!. ..'nfiln1illj.' th~' 11t-" n~1: .rl
!L";~tiluli,'\n ('n th~ rr .:;'~t'.:~!n ~ ,in~.

Tht IH n.m.'. ~..t;: .:I( U:~'I fullv ~'~'\1I)1~1t"1" \\ith III..: all.:h~d
(t., i.-:.t~chin):-<..I~chl;' t,in1~; ~i,uctu,.. - l-ompkt~. CI),iFn-
"I. nl of all th~ h~t~'~,,:, ,'Ii. ',il~ and " nn~ rfC't('\n) i) I,,"'ihlc-
1 r,,: m,...~t dl~lin~"li\ ~ f. .llu,~ i!o th~ cC'inad"!lc... C'f th,- J'"lt~ln~
1I1:.Jchtd t~, CI: 1 of Ih, I\\~) "'rJ,"al«hl:1 UII:t~ al b 4 .t-'o;. In Ih\."
11'.':01' I,imt'~' Ih~ c'..:ml,"'.11 !ohifl~ 11f th~ tl)r ilnd midJI~'
C'I .-"IC'chin unit.. art J,tin,""!)-, ditfC'rt'n~_J' Thc ~ ,in~ r'III.1n~
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occur at b f\.l)f, in tht ~h3pt of an unre§()lv~d triplC't r~!ouhing
fr,")n1 a ~uperim~d dou~le d()uhll!t of thl! t\\" £imililr AB
~\~tC'ms.. ThC' s1~re(tChemi~tf). at the t,,'o C(4) fIO~ition~ _nf the

tricattchin units i~ ~\'idtnt from the tpicattchin C(2) chern-
K:l1 shifts. A~ain. th~~t tW(\ chC'mical shift~ arc c,-,inC"idcnt at
b 7t1.~ p.p.m. ~ho\\;ng that the appendin~ catl!chin unit i~ "on,'
to thc .'-hydroxy ~r(\up sincc. in ooth ins1ances. thC' C(~)
c:lroon resonanccs arC' ~hifttd upfi~ld by 2.3 p.r.m. from 1he
C(:) epicatC'chin chC'mical shift due to th~ ;'-~"ucht ~tf~c1
~1\vC'C'n tht axi:ll protons at C(:) ilnd th~ catL'chin unit:at t't."\th
("J~ ro~itinn~.

Th( hI ",nl.'l)cu II iml:r (2) i!o thc miijor Plodu...t "t thl: rl:ilcti,"\n
and the ea~ hy which 1he cnmpnund is fnrmt'd in \',)n1p..ri~n
"ith lintar I/n:llo~u~!o clt'arly sho"~ that dis"~!ititution ofth~ A
rin~ i~ not stcric:IJly inhihit~d and that hr:lnchin~ may ~ :I
significant fcature of natural pr()anthocY:lnidin fIt'l~mtr~.

L. ". F. thank~ the D~partmcnt ~t Scitntific ilnd Indus\rial
RC'~arch and thC' Southern Fort~t Expcrim\'nt St3tiCln for
financial ~Upp~r1 ,,'hik an ~tud~ le:lvt at th~ S\'ut~rn Fort~t
Experiment Station.
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